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As various accidents have occurred in underground spaces, we aim to improve the quality validation standards and methods

as specified in the Regulations on Producing Integrated Map of Underground Spaces devised by the Ministry of Land, Infrastructure

and Transport of the Republic of Korea for a high-quality integrated map of underground spaces. Specifically, we propose measures

to improve the quality assurance of pipeline-type underground facilities, the so-called life lines given their importance for citizens’

daily activities and their highest risk of accident among the 16 types of underground facilities. After implementing quality validation

software based on the developed quality validation standards, the adequacy of the validation standards was demonstrated by testing

using data from two-dimensional water supply facilities in some areas of Busan, Korea.

This paper has great significance in that it has laid the foundation for reducing the time and manpower required for data

quality inspection and improving data quality reliability by improving current quality validation standards and developing tech-

nologies that can automatically extract errors through software.
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{Table 1> Standard for Quality Assessment of Underground Space Integration Map
(Regulations on Producing Integrated Map of Underground Spaces, MOLITI[5])
E%::gms Sub[)—eéﬁeiﬁgnts Sub-sub Elements Standard for Quality Inspection Ouag%égznggon

Targets

Target Object

Operating Adequacy of
product

Operating Adequacy of
product

Checking adequacy of operating final product in system
environment

Completeness Omission Omission Checking an object left out in the standard data category
Concept LOD (Visualization) Checking conformity with LOD (Visualization)
Logical Consistency Consistency Production Standard
C((S)?:;idtz:dc)y Topo'logical 2D Data Consistency Checking topological condition of 2D Data
Consistency 3D Data Consistency Checking topological condition of 3D Data
Accuracy O.f Standard Checking application of standard coordinates
Coordinates
Absolute Accuracy of 2D ..
Accuracy Positioning Data Positional accuracy of 2D data
Positional Accuracy of 3D Indoor Inspection
Accuracy uracy Positional accuracy of 3D data (1% Samples)
. Positioning Data
(Spatial)
Adjacency to Boundary of . .
Checking boundary adjacency of 2D data
Relative 2D Data £ Y Y
Accuracy ;
Adjacency to Boundary of Checking boundary adjacency of 3D data
3D Data
Classification Category Accuracy Checking accuracy of standard data categorization
. Accuracy
Thematic
Accuracy Logical Accuracy Logical Accuracy Checking application to table structures
(Attributes) ) Attributes Mismatched Checking mismatched attributes
Attributes Accuracy ; A . .
Attributes Missed Checking left out attributes
Errors in W““Tlg Metadata Missed Checking for errors or creation of metadata
Management File
Others product Omitted Product Missed Checking for final product left out Indoor Inspection (total)
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Error
(isolated line)

<Figure 1> Flow Diagram of checking the 2D Topological Consistency

Error
(multipart line)
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<Table 2> Suggests on Standard for Quality Assessment and Improvement Plan for Pipe-type Underground Facilities
(focusing on spatial quality)[1]

Working Rule Category (Now) New Category Added
Quality Detailed Sub-sub Standard for . . .
Elements | Sub-Elements | Elements Quality Inspection Quality Inspection Methods and Rules (Algorithms)
Method: Checking the spatial topology and adequacy of geometrical
design of 2D data
Rule 1: <Preprocessing>
1. Extract duplicate objects
2. Check the connectivity after extracting distant polylines
2-1. If there is connectivity (extracting unconnected polylines despite
. the same ID they have)
2D Data Adequacy‘c.heck for topological 2-2. If there is no connectivity (extracting polylines not connected
condition of 2D data .
to other objects)
Rule 2: <Checking the angle of between polylines in a single pipe line>
1. Extract polylines with angle of between polylines more than the
) threshold
Logical . . . . L
; Topological Rule 3: <Checking start and end points of pipe lines>
Consistency Consistency 1. Check the connection of start and end of the target pipe line to
(Standard) other lines, manholes and valves
Method: Checking adequacy of geometry
Rule 1: <Check for intersection and overlapping>
1. Extract intersection points between pipe lines
2. Check z-value(depth) and diameter of overlapping points between
Adequacy check for topological |, PP 1ines
3D Data equacy check for fopolog 3-1. Error occurred if z-values between pipe lines are the same
condition of 3D data . . L
3-2. Check diameters for overlapping if z-values between pipe lines
are different
Rule 2: <Visual Inspection>
Check intersection and overlapping after extracting partial sample of]
3D model
Method: Checking positioning adequacy by overlap with raw data
after the invertion of 3D model to 2D
Accuracy of . .. Rule: 1. Invertion of 3D model to 2D
Checking for positional accuracy .
Absolute 3D of 3D model by overlapping 2D 2. Overlap with raw data
Accuracy Positional d}alua PPIg 3-1. pipe line: Check if the raw data(polyline) is centered on the
Data inverted(3D—2D) data(polygon)
3-2. Manhole and valve:: Check if the raw data(polint) is in the
Positional inverted(3D—2D) data(polygon)
Accur.acy . Checking for consistent Method: Checkn}g presence of manhole and valve distant from pipe
(Spatial) Adjacency to| .. . line (between pipe line and manhole/valve)
adjacency and separation between : . . _—
Boundary of 2D pine lines. ire lines & Rule: 1. Checking the intersection of valves, manholes, and pipelines
. 2D Data manhofef and i’ eplli)nes & valves 2. It’s an error if the shortest distance between valve/manhole and
ielatlve ’ pip pipe line is greater than threshold
ceurac
Y . Checking for consistent Method: Checking the presence of manholes and valves distant from
Adjacency to| .. . L
Boundary of adjacency and spacing between |the pipeline
3D pipe lines, pipe lines & |Rule: <Visual Inspection> Checking the gap (or distance) in partial
3D Data Joo
manholes, and pipe lines & valves samples extracted from 3D model
© oo @ellA HZ7t e AA ok AA WA F2 4T, @ LT O}OME THE #HE7E Qe A vl A
A9 s 2o otoltE AAE BE ¥ 4z o
12 <Figure 2>+ Hilﬂﬂ*é T840 22 FH A
® L3 ololt)E M= BEVE e AT BHHE oF  FHAS Haete dAE v, O A vt 2
© WEABG BT WA B HF ol 5
2) ABFEFERAE TEANIANA FAA5E S8 HEd 2R/ @ Wz T H3 A B 197 & AL WEmn
AAElolE A7 A AA, FA71 el A 4% oF = gz g Aw
= 4
o) Z5ol whek 4 we] k=] Wil 6, @l AL = A AL
A9, @27 Ae} Ak oY A% Fh 2o AS o
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Check the intersect{joint)
between Valve/Manhale
and pipe line

No

2D distance check
between pipe line
and manhole/valve

Distance = threshold Distance > Threshold

| !

Pass Error

<Figure 2> Flow Diagram of Adjacency to Boundary of
2D Data

| Improvement of Standard H Development of S/W H Selection of Test site |

l

Data Collection |

| Analysis of Results |<—| Data Validation |<—|

<Figure 3> The Process of Data Validation Test
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<Figure 5> Examples of

Joint Error(A Manhole is

o= A, dld Ak Awzahet #Es gdgit
AE7F sdatAY At vda2rete #4E el
HEo At FHE = B L= Aest, AA A3
AT 77t AEHA FUrh

WH LA QFHAS MEN A S FAA R WHLY WE
of AdEd Ay AA9 oy T, 2 HiE
ol A = AF LFE FEoH, e A Un
o Whg 72} 10213 34719] @ {7t AEF AT ot WE
o] A, WE 2w AAE 24 EYE YHE 5%
Aol opd A Fel =Ed HA 729 WE FAS FHL
= IRIE FH o AR E HAS6] AARFEE 758k
Ty AA @R E B2et WE A A dddF
© ZAYE FxEo] EAEH, HolE 5 Ald= o]
TEEo] Aldl wet WME BErp AAEA] gL Ao
2 ¢4ste] {7k Ao FAE Aow ddHnt

7= At st (undershoot)/ L ¥ $t(overshoot) L FAAE

Overshoot

Errors in Validation Test

Me Ade] Bl the A A Y Al A7
ofof si}, A AAZE @AY BoM AAHA d= BF
& dEot, 45 23 119 ¥t 277 HEHI
A &5 HE AlElE <Figure 5> 2o, 4
A% H2E AI3E <Table 3>3 o] A skt
{Table 3> The Result of Test
No. Validation Items Num of Errors
1 Duplicate Objects 15
2 MultiPart Lines 1
3 Self-Intersection 1
4 Line Intersection 0
5 . Joint Error Valve: 10
(between lines and Valves/Manholes) Manhole: 34
6 Undershoot/Overshoot 1
Total 62
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ez T3t BRe} AAAS Hotets Aol Blget
AR gt kA FErA ST FAE AL 2
At At tEPAE FAHAL 715 N Al 8l
F UEE e AL AloksiTh w3k 3 A IR v
" OEA PR U A5 A9 AR dolERhe o] §gt
A 2214] dlolEe] #dte] Bl AES e e AT
o] SAR deTh F5 o A AlEE 2 vl F
F2 Fste] F7142 HAEES Ao B =i
oA AMust FAAZVIE] AAY I8 E F 9 %
sh3k D a7} k.

B =Es 58 ASNEE RS 2o Qgsta A7
Aow 5 - HYFFoEM, AsbaALLE distal =

Wl gheo] A& A F JVIE 7]dig.
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